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ABSTRACY

This report describes 8 method of using a chart to determine
the minimum tange from a radar at which an echo from a ship
can be screened by jemminag. Two types of problems can be solved:
(1) the problem of determining the minimum self-screening remnge
for a ship, i.e., the minimum renge to which a ship carcying a
jammer can approach undetected: and (2) the problem of deter-
mining the minimum range of safe sporoach when the jammer is
at a temporarily fixed location, not on the ship to be protected.
Two problems are worked out tc show the proper use of the chsrt,

REFERENCES

1) W. 8. Alderson, "Radar-Simulation of Naval Surface Tergets
by Towed-Balloon-3orne Refiectors®, NRL Report ®-3522, 18 july
104s.

2y W. W. Carter, "Nomegrams for Calculating Minimum Jamming
Renge for Ships™, NRL Report R-2495, 1 May 3945.

3y K. M. Watson, "lhe Dependence of the Effectivencss of
Clipped-Noise Jamming on the Radar Receiver Bandwidth", YRL
Repert R-24495, 15 July 1045,

4y NRL Reports R-2232, R-2295, R-2332, R-2466, 8nd R-2447
titled resnectively "Radar Cross Section of Ship Targets. IT,
117, IV, and V,* provide measuved velues of o, end oy for vorious
classes of ships.
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A CHART FOR COMPUTING RADAR MINIMUM JAMMING FOR SHIPS

INTRODUCTION

The solution of the problems encountered in the simulation of ship targets by
mesns of special radar reflectors led a1 a by-product to a relatively simple method
for solving certain radar jesmming problema, This report describss a method of de-
termining the minimum renge, from an enemy radar, at which the echo from a ship will be
undetectable through jamming. Problems of this type can be divided convenientiy inte
two general classes: (a) the problem of determining the minimum self-screening rance
for a ship i.e.. the minimum range to which a ship carrying a jommer can approach a
given radar without being detected; and (b) the problem of determining the minimum range
of safe approacii when the jammer is at a temporsrily fixed location, nct on the ship
to be protected or "ecreened” by the jamming. The jammer may be located, for example,
on another friendly craft,

The method to be described is believed 5 be shorter, simpler, and more general
than other methods that have been used to compute minimum jamming range, It is also
believed that this method would be practical for use in neval operstions, and that it
would be easy to teach in the schools.

As pointed out in 8 previous NKL report (2), the mathematical equations determining
minimun jamming range cannot bLe solved explicitly, end in that report a set of nomo-
grams is presented to make possible a solvtion without an excassively laborious cal-
culation. Instead of using nomograms, the method to be described herein makes use of
a chart and a scale, and in addition reyuires the numerical solution of two or three
simple equations. No algebraic manipulstion is involved: only an erithmetica' com-
putaticn. The chart, together with a movable scale #xr--uated in logarithmic units of
range,; can be constructed fajrlv simply. Samples of theee are included in this report,

BASIC THEORETICAI. RELATIONS

The power density ¢f an 2»cho received at the radar antenna from a ship target is
represented by:
P 6o, P Gy ooy by

Py s imem—m—— | —
(4 7 R%H2 f (4 ﬂ'RQ)Q»‘R

n
and the power density of the jemming tignal received at the radar antenne is represented
by tne equation:

S I

—
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whicre the syebols sre defined as follows:

= received echo-powes densiiy for target in itie "near zone" (4)

Py = " * " ¥ " "™ "far zone”
Pr = pulse power transmitted by the redar

G, = power gain of the radar antenna {over an "isotrope®)

h, = height of radar antenna above water surface

T, T~ near-zone radar cross section of the ship target (4)
og = far-zone radar cross section of the ship target
)

= range of ship (or jammer) from radar

Pj!= received jamming-signsl power density
Pj = power transmitted by the jamaer

Gj = power gain of jemming antenna

hi = height of jamming entenna

A = radar (and jammer) wavelength

When these equations are plotted on & logzritiacaic gsaph sheet, with range as the
independent variable, the two ship-echo equations become straight lines with negative
tlopes having numerical vaiues of 4 and § for the nesr aad far-zone cases, respectively,
a9 shown in Figure 1. The jamming equation, beyond a certain criticai range, is =
straight line with slope of minus 4. as shown in Figure 2. At closer ranges, the

\ CROSS-0OVER
.  RANGE
SLOPE=—2
n\
LOG P LOG ae
; -
SLOPE=—8 SLOPE-—4
L0OG R — LOG H — =—
Figure 1 Figure 2

received-jamming-power density goes through a series of maxise and minima ss would be
expected becaus2e of interference betwean the radiation &iriving via the direct path
and that reflected fraom the sea surface,

The two ship-echo carves interscet at what may be called the "cross-over" range.

Tine P ocury Yeer1 L renres ¢ . 1 i ~vhi 3
ine P curve governs ai veages closer tirn this, ~hile the P¢ curve is beyond the cross-
over venge,  the rceion fice the radar location ngt to She cross-over range is Laown
L oiive pcar zone, tad the togion boyond the croctogver renge is called the far zonc
o 1 one .,

a
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For an ideal type of jemming signal (MYoure noise"), the echo gimaal will be iamed
shopever the jomning-csignal pover dencity {P‘s) it cqual to or gecatesr than the echo
power density (Pu,,Pf}. Tharefore if the curves of Figures 1 and 2 are plotted on the
s@ine shect, the point of intersection of Pjs with cither of the other curves will repre-
th

- ey
ERi e

-y

minimum self-ccrecning range for the perticuler velucs choseon.

i

For "non-ideal" types of jamming signsls, the minimum jamming ronge may be de-
termined by using a "corrected” figure for P,. This corrected figure may be called
T 2 meemma

ine effective jamming power, it is obiained by dividing the actual jamming power by the
screening rrtio, whose value is determined by laboratory measurement (3).

For a complete understanding of the procedure to be described later, it is important
to note that certain limiting conditions apply to the value of the minimum self-screening

range:

(8) Whenever the linear portion of the jamming curve lies belew the P curve
the minimum jamming renge is obviously bound to be in the far zone

(b) If the level of the jamming curve iz increased indefinitely, starting at
any atbitrarily low level, it will ultimately resch & velu: such that the intersection
with the echo-power curve is on the steep portion of the jamming curve, adjacent to the
null region, When this level is reached, further increase will not change the mini-
muz jamming range sppreciably. Its value becomes practically a constant independent
of the jamming power. This value is, in fact, dependent only on the antenna heights
and on the frequency.

The minimum range of protected spproach for s given type of ship may also be de-
tetmined graphicaliy when the jemming trenamitter is not located on board the ship being
protected. In this cmee tiiz jamming trensmitter should be at some fixed arbitrary range
from the radar, but riot too close to a null region. First, curves similar to Figures
1 and 2 are drawn, using actual numnerical values calculated from the basic equations.
On the curve corresponding to Figure 2 the ordinate at the range representing the jam-
mer's location is read. Then, on the curve corresponding to Figure 1 a horizontal line
is drawn at this ordinate value. The intersection of this line with the solid portion

of either the P, or the Pf curve gives the desired minimum jamming renge.

Cbvicusly this curve-plotting procedure for determining the minimum jamming range
requires excessive labor and is tedious. The need for a shorter, leas lsborious method
of computation such as the one to be described, is evident.

THE CHART METHOD

Samples of the chert used in this method of computation ar-~ included in this re-

A

as Fi and 4. Cuce uwwde, ihe ciimri can be used indefiniteiy for the solution

R,
OvE &3 SFIfUTES

of specific jamming problems, Or, if sufficient use can be made of the charts to justi-

k3

Tk

Iy the cxpense, a "master” can be made end copies made from it by some standard repro-
ducticil process,

This chart wmethod is actually the seme as the graphicel method of solution, except
thot by making the chart with gencialized covrdinates, the labor of plotting curves in

the solution of specific problcma in aveided. lho procvdu:e for usiug tre chart is onc

tes andd then :vaiu;te: thLJ point in actuu! vange anits of yard
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Thie ehart cen be made conveniently by using semi-log cross-szection vaper. The
a“scisses, laid cff on the logaritluric divisions represent range, snd she ordinates
(linear divisions) tepresent relative power levals in decibals. The ordinates laid
off in thiz way are of course eguivalent to ihe lopavithwic ordinatas vaed in platting

the cumives of Fienrss I oand 2

The two solid glanting lines on the chert have zlopes of minus 4 znd minus B, as
do tiie curves of Figure 1. The "slope = -3" linz on the chart represents the linear
portion of ihe jamming curve of Figure 2. As can be seen, this line iz continued left-
ward beyond the lirniear portion into the "null" rzgion. The "slope = -8" line which is
represcitative, in a sense, of the Py curve (Figure 1) is used only indirectly as a guide
for drawing other "slope = -8" lines in the process of solving specific problems.

A movable scale which i3 represented on the sample charts, is quite useful in
csrrying out the calcuikiions, This sesle is greduated logarithmically and marked with
numericeal range vaiues in this case, in yards., Although nol essential, the scale saves
the operation of multiplying a pair of numbers.

If the scmle is provided, the vertical lines on the chart sre unnecessary except
for ihe very hesvy one at the left labelled "Ro" and "range-reference axis".

Jf desired, however, the scale can be dispensed with and the rangc dsterminstion
made ss indicated at the end of the first example under the heading "Illustrative Ex-
amples". To make the computation in this way, the logarithmically spaced vertical lines
on the chart are essential,

-

PROCEDURE FOR USE OF THE CHART

-

"To make an actual computation using the chert, it is first necessary to evaluate
at least two of three parameters defined ss folliows:

{(a) db = 10 (log P, - log Pj) t G - Gj + 10 iog o
- 20 log h, hj f + 122,18
() dby = 10 (log P, - log Pj) + G, - Gj + 10 1.g of
-20 log h, - 60 log hj f + 176.76
- -3
(c) Ru 1.355 h_ hj f x 10

The symbols are defined below inasmuch as they do not have exactly the same definitions
in all cases as in the equations used earlier in this report.

P, = pulse power of rader in erbitrary units but must be same units as used for Pj
Pj = effective power af jammer, as previously defined

G = grin of redar antenna, in decibels {relative to an “isotrope")

Gj = gain of jamaing auteruna, in decibels

U T peer-zonc - lng eross scetion of ship betng screcned in, in square meiers (€D

oy % far-zone radar cross section of sane sidp, in squars weters (4)
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neight of vadar entenna above walcy suriace, in feot

j = height of janming entenna, in feet
f = frequency =f radar and jemmce, in megaecveles
B, - “ reterence renge,” in yards from the ship

Logarithme are to the base 10.
Minimum Jamming Range for Self-Screening Ship
Step A, Near-zone calculations

(1) Compute dbn by subetituting actual values in the foregoing expression (u).

(2) 1t dbn is equal to or greater than 84, the minimum jamming range is in the
far zone; consequently, proceed immediately to Step C:

3y If dbn is equal to or lessg tham 6%, the wminimum jamming range is equal to
0.6 Ro (-8.13 h‘ hj f .10"4). This expression represents the complete solution, and
it is not necessury to proceed any further than to calculate the expression.

(4 1If dbn lies betwcen 69 and 84, the true minimum jamming fange must be de-
termined by calculating for a "near-zone solution” and for "far-zone 2clution™ end then
teking the lesser of these two ranges as the actual minimum jamming range.

Step B, Near-zone solution

(1) Draw a line on the chart pussing through the db scaie at the point repre-
senting the value computed for dbn. and parallel to the "slope =-3" line. The line
ihus drawn represents the echo power received from the ship at ranges “in the near-
zone. Note the point at which this line intersects the jamming curve, This point
represenis the minimum jsamming rsange for the near-zone solution. Jt is now required to
evaluate this point numerically.

(2) Compute the velue of R,. Find the point on the mpvable scale corresponding
to this value. Place the stale on the chart, with its edge parallel to the range axis,
so that the RG valuc on the scale coincides with the "range-reference” axis, the heavy
vertical line near the icft side of the chart. ’

(3) Slide the scale up or down, keeping the R, value coincident with the "range-
reference™ axis, until the upper =dge of the scele passes through the minimum-jamming-
range point located in Step B (1). Rezd on the scale the range figure corresponding
to this poin:. This is the near-zone soluticn.

Step C, Far-zone calculetirns

(1) Compute dbg by substituting actual velues in the foregoing expression (a).

(2) If dby is less than 20.5, the minimum jamming range is equal to 0.6 R, (=8.13
hr hj f .10‘4). This value represents the complete solution end it is not necessary
to proceed further.

(3) 1If dby is greatsr than 20.5, the chart must be used as described in the next
step.

Step D, Far-rone solution

(1) DPraw a bine oo tie cUsv: pausiog bivougic Ghie db smcale at the point represent ing
the value capaterd for fdog, et poralbled fo the “edans LAY Line. Tre line thus drsuin
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representa &he echo power received from the ahip a2t ranges 10 the for zone. MNote theo
point at which this lines intersects the jeuming ecurve, This peint repicsents the far-

o

H

zone solution for minimum-jeanming-raenge, It is now require
numericelly.

2y Compute the valuc of R, if not alrzady compuied in Step B (2). Find the point
on the movable scale corresponding to this velue. Place the scale on the chart, with
its edge parallel to the reange axis, so that the Ro value on the scale coincides wilii
the "range-reference™ axis, the heavy verticai line ncar the left edge of chart.

(3) Slide the scale up or down, keeping the R, value coincident with the "renge-

reference” axis, until the upper edge of the scele passes through the minimua-jamming-

=

to evaluaie thiez point

range point located in Step D (1). Read on the scale the range figure corresponding
to this point. This is the far-zone solution,

Minimum Jamming Range for Jammer at Fixed Range

In tnis case, the ship to be screened is not the one carrying the jammer. The
jamming ship is sssumed to be at a fixed range from the radavy, Rj’ and the ship being
screened is consideted to be approaching the enemy radar.

For use of the following method of calculation, two conditions, also desirable for
optimum operation of the jsmmer, must be met:

(1) Rj must be greater than .6 R, and
(2) the jsmming ship and the ship to be screened must both be on the same bearing

from the rader -- ithat is, they must both be "in" the radar beam.

A jamming operation may be carried out under conditions which do not meet these
requirements, but its chances of success are smalil unless it is executed in accordance
with rather precise calculations based on accurute data., Relatively small errors in the
dsats can produce very large errors in the result. On the other hand, if conditions
(1) and (2) above are met, much less precision can be tolerated,

Step A: Compute db, and dbg, and draw on the chart the corresponding "slope = -4" and
"slope = -8" lines as described in the self-.screening procedure.

Step B: Compute R, Find the point on the moveble scale corresponding to this range;
place the scale on the chart, with its edge parallel to the range 2xis, so that the Ro
value on the scale coincides with the "range-reference” axis on the chart. Now find
the point on the movable scale corresponding o the range Rj' the range of the jammer.
Slide the scale up or down, in order to find the point on the jamming curve which coy-
responds with the reange Rj' Through this point draw a horizontal line long enough to
intersect the two sloping lines previously drawn.

Step C: The minimum jamming range jis at that intersection which has the smaller range.
This vange is measured in the usual way with the movable scele, setting the Ro val
of the scale over the "range-reference' auic,

ue

YLLUSTRATIVE EXNAMPLES

Expmple 1 A jawsicr i5 iastalled shboavd vhe ~hovpe whose echo is to he

-

the self-ser2zning enic). The portinent characicerystvies of the enemy radar nre knovn .
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TE i vequired to find the minieta javcayg: voaogs, tie felioving daio boing giveoa:
p. = 100 uates P, = $000 watt
. -~ 38 db Gj = 12 Ab
h_ = 100 fest hj = 30 fcet
f = 1500 megacycles Oy = 7.67 x 104 meters2
of = 5.04 x 1014 meters2

From this data, db  is calculated to be 87. Therefore, the minimum jumming renge is
in the far zone and procedure of Step C must be used.

Substituting the given data in the expression for dbf, it is found that dbf equals
53.62. Since this is greater than 20.5, the chart must be used in accordance with Step D.

Procceding with Step D, a "slope = -8" line is drawn on the chart f Figure 3
through the 53.6 mark on the db axis. This line is seen to intersect the jammer curve
at the point lsbelled A.

Next, R, i= computed and found to be 6100 y-rds. Placing the range scale on the
chart with the §100-yard value on the range-reference axis, snd sliding it up or down
until the edge of the scale passes through the point labelied A, the minimum jamming

range is found to be 11,000 yards.

The minimum jamming renge may be calculated without using the movable scale. To
do this, note that the point A has & renge coordznlte of 1,8 R,. Then multiply this
vaiue by R (=6100) to obtain the .answer, 10,980 yards (— 11,000 yard:)

Exawple 2: The jammer i3 at & fixed range. Assume that by use of availeble data ii
has been computed that:

= 2000 yards
dbn =111
dbf = 96
Suppose also that R = 6000 yurds. With a jammer opernting at thic fixed range from

The first step is *o draw a "e¢lope = -4" line through the 1i1-db value on the db
scale end to draw & "slope = -8" line through the 96-db value, as shovn on Figure 4.
Then the moveble scaje iz placed on the chart so that the 2000 yard mark (R)) of the
scale is over the "range-reference"” axis. The scale is moved up or down until the 60CO-
vard mark (P } touches the jamning curve to estgblish the point marked B on Figure 4,

The horizontel line is drawn through the point B, and it 19 seen that this line
intersects the sloping lines at { and D, the forme- being pt the smzller vange. The
range of the point € is therefore measured with the senle, =nd feund to ke 16,000 yards.
Tais iz in the “lar zone, " incidentnlly, bBeenuse & is on the “slope © -8" line.




L)

pavaer RESEARCH LABORATORY COMETHENTT AL

R . . :
COMSLREICTILY O CUANT A%

<t
e

CALY

it er

The general constvuctiion plen of the chart and scrle mey be inferred from the at-
tached s2ameales,  The anecific renstsuction procedure is us follows:

Cn & sheet of four-cycle semi-logarithmic cross-section paper, oricented with the
logarithmically spaced division lines running vertically, label the starting points of
the successive cycles as follows, frem left to right: O.IRO, Ko' IORO, 100R°: and label
the end-nnint of the last cvcle 1000R0. Now draw & heavy vertical line through the Rv
point, snd label it "range-reference axis”,

On the vertical line through the IORO point, mark off decibel divisions from 0 to
160, starting at the bottom. At the 120-db level, draw a horizontal line, This is the
"range axis."

Now plot the jamming curve. This is & graph of the equation shown below, plotted
with the range axi®s and the range-reference svia ss the conrdinate 8xes. Ordinates are
the decibel values and abscisnas are range (R) values in terms of the reference runge,
Ro.

R R 2
7
di = 10 log —2 sin(—-— R —2) + 120
R 2 R

For convenience in plotting, the following is a tabulation of seversl vaiues of this
function:

Vaiues of R: 0.5R, O.GRO 0.7Ro 0.8R, R, 2R, 4R OR, IOORO

"db" values: - o +118 .4 120.8 121.2 | 120 111 99.6 83.9 43.9

The movable range scale cun be constructed by pasting a strip of the same four-
cycle log paper onto a straight-edged pisce of stiff material, such as metal, and marking
it in terms of appropriaie renge valuss, for example, from 1000 to 100,000 yards.
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Because of our limited supply, you are requested to revt @. s cony WHIN IT HAS SERVED
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Date: 15 September, 1999

From: Mary Templeman

Code 5227

To:  Dr. Trunk
Code 5300

CC:  Chuck Rogers ( 2 - M
Code 1221.1

Subj: Review of NRL Report(s)

Dea: Sir:

1. Please review NRL-FR-3036 for a dish‘ibution statement .
AD - 49757
2. Please review NRL-FR-3086 for possible downgrading and a distribution statcment2 , A/

_03Y 677

OH,,MZ/ /glﬂ//w//j 7//é/f/a
Yo Qw@w

ary Templeman
(202)767 425



